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(54) CnOCOB M3rOTOBnEHH^ rOOPHPO- 
BAHHOrO CTA/lbHOrO H/lACTblP^I 
(57) CytUMOCTb ii3o6peTeHtiJi: TepMoo6pa6oTKy 
nnacTwpa xoKaMw awcoKot^ vacTon^ ocyu^ecr 
annfoT nocne ro<t>pMpoBaHw«. a cMaaosMbiA 
c/ioA HaHOCflT noaTOpHO noc/^e ox/ia>KAeHMR. 
npeA^araeMbii^t cnocoS nosBO/ineT aa c^er no- 
BUUfeH^n n/iacTViMMUx cboACtb Meran/ia na- 
AexHO o6ecneMWTb repMeiKjaauwio 
peMOMTMpyeMoro ysacTKa CKBaJKMMti. 1 Ta6;i. 



HaoepereMwe othocmtcp k o6pa6oTice 
TB/ina ABBiiGHv^eM. B MacTHOCW K lexHonorwn 
MsroToaneMnw ro<t>pMpOB8MHbix Tpy5. 

OCHOBHWMM On«paUM«MM B TCXHOAOrMMe- 

cicoM npouecce HsrOTOB/ieMWH TOHKOcreHMtix 
.ro<t>pMpOBaMHWX Tpy6 rb/iabtch xonoAHau Ae- 
<j>opMauMH.!HanpwMep BonoseHne m npoxa-nca 
Tpyb, xMMH^ecKaj? o5pa6oTKa. TepfWMecicafl 
o6pa60TKa jxn^ ch«tmr ocTaTOMKwx Hanp«)Ke- 
MM(4, BOSMwitaioiui^x B peay/ibTBTe Ae4>opMa- 

UMW M np04(vl/»MpOBaHMfl MeTOAOM HBtCaXKM, 

M36eCt9H CnOC06 i13rOTOB/^€MM« Tpy6 c 

npoAonbHb^MW rcKt)paMH nyreM AayxaxanHoro 
<j)opMOBaMMn TpyObi-aaroTOBKw, npviMeM na 
nepBOM ar^iine ee ro4)pMpyiOT paAwanbMWMM 

yCMUMRWM. a HB BTOPOM 3X306 06>KVtMaK)X B 

npo^iw/iMpooaMHOfi DO/ioice. 

Oa"^*^^^ oo3HMK:atoiunG b peaynbxaxe 
c/io>«tHO« A<^opMa4Hti ociaroMHwe nanpHMe- 
HMfi Me ABW AoctaxoMHOM nonepCMMOft npoM- 

HOCXM. MCianA CXaHOBMXCfl XpynKMM M 



H6npMroAeH B xaMecxae .mactbipfl npn pewOM- 

IB oBcaAHOft KO/IOHHW 8 CKBaMUHe. 

/Ifln CHAXH51 ocraxoMHbix Manpff^eHnui xpy- 
6u noABCpraiox xepMWMecKOft o6pa6oTKe - ox- 
jKwry e nenax xwna nCO-06 wn\A T 7.0-09 w 
nonyMeHMfl Ha xpydax okmchoC^ nnenxw. bw- 
nonH5ikOtuevt ^jyMKUwn noAMaaoMMoro noxpw- 
XMj* M o6naAaK>me(^ AOCTaTOMHOM 
nopMCXOCxbK) M aACOp6uMOHMoei cnocoOwo- 
cxbK) K CMaaxe. 

HsBBCxeM xaicixe cnOcoS, npw Koxopow 
xoHKOcxeHHwe npo<J>wnbKbie xpySw npaawt 
pacrni)KeHMeM m paaAa^ew c HarpeeoM na dncK- 
xpoxepMWMeCKOM o6opyAoeaHMn. CnaMona 3a- 
roxOBicy xpy6w nerpeBdiox xoxawi^ 
conpoxHonoMwfl ao xaMoepaTypb* ox>KMra. a 
38TeM noc/ie ox/ia>CAeHM» pa3AaJor npn nowo- 
luw icoHMuecKov^ on pa© ic VI. 

HeAOCxaxoK cn6co6a aax/iJOMaexc^ b xom. 
•rronp«4 Hano>s<eHwvi nnacxbipfl m3 Heoxoxcxcert- 
HhiX xDv6 MOX<OT iipOMCxoAMrh p33pue no 
npo0M/»brto^^ ot)p33iy>omev^. s npi^; Hafto>KeHWM 
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nnacTuprt m3 oTox>*<eHHbix ipy6 c nocne/iyK>- 
lUMM ro4>pM:poBaMMeMMO^eT nponcxo/iMTbo5' 
paaoeaHwe.MMKpoTpeiUMH bo enaAnnax m h3 
ewcrynax opoAOAbHWx ro4>p npwt /iG<}>opMaunH 
MX AO uiinviuAPvi4ect<OM cJ)opMbi. KOPAa ee nnoi- 
HO npM)KviMaK>T (HaKaThiaaK)!) nopHnpyioiuef^ 
fonooKOv* If anyTpeMHei^ noeepxhoctvi o6ca^- 
Mot;^ KO/toHMW. B pe3y/itTaTe ne o6ecneMMQ3- 
ercA Haae^KHOCTb repMeTwaauviM wa-aa 
HM3K0M n/iacTMMHOCTM MCTa/iAa rOKjjpwpoaaH- 
Horo n/iacTbip«. 

UenbK) n306peTehiifl pb/iagtca nofiwiue- 
Hiie HaAeJKMOCTw repMeTwaauMvi o6ca>KeMMOi?i 
CKB35KMHU nyreM nOBbiiueHUfl nnaCTwwocTM 
Meranna n/iacTwpa. 

CyiuHocTb vi3o6peTeHi/ifl 3aKnK)MaeTCft b 

TOM» MTO TepMO06pa6OTKy TOKaMM BblCOKOM Ma- 

CTOTw ocymeCTB/i«*OT nocne ro<t)piipooaHMfl. a 
.saxeM noBTopHO HanocwT cwaao^Hbit^ cnov\, 

B pcaynbTare aKaKonepewenHbix Ae<t>op- 
MauMft. KOTOpwM noAoepraeicfl Metanna rpyS 
npw fo<^p^;poeaHWi1 kaK b npouecce waroTOB- 
/teni/ifl nnacTbipeCi. rax m npn pasAaMe b npo- 
uecce ycTaHOBKwi 8 cKBaxviHax. npOMcxoA«^T 
3tiaMviTenbHoe ynpoHHeHwe Meia/ina. nptucM 
Haii6onbUine SHaMeHun ynpOMHenviw npMXOA" 
PTC« M3 BnaAMHbi ro<t>pMpOBaHHwx Tpy6. 

l/l3MeHeMiie tbcpaoctm (Hv) ctbavi napKH 
10 npM TepM006pa6oTK€. ro<t>pMpoeaHMn m 
paaAane rtnacTwpfl noxaaano b Ta6/iwue. 

l/l3 Tafinviubi BMAHO, MToieepAOCTb Meran- 
na nnacTbipn noc/i8 pa3Aa*<ii o o6caAHOi?» Tpy- 
68 AOCTuraeT HawSoAbiuMx SHaMeHwCi, ecnM 
n/iacTupb naroTaBAMBancH m3 KeTepMOo6pa- 
6oTaHHOwi Tpy6w, ilpui nBfOTOBneHHW nnacTW 
pe^i H3 npeAeapv^re/ibHO TepMO05pa6aTaMHbJx 
Kpyr/ibix -rpyO opw ro<})pvipoQaHviiA reepAOcrb 
MecKO/ibKocHvi?KaeTCfl nocpaBHennfOC Herep- 
MOo6pa5oTaHHbiMM saroTOBxaMU. ho nocne 
pa3Aa^»^ TBCpAOcVb BoapacTaer hohtm ao Toft 
jxe Be/iviMMHw. MTO M 6e3 TepMOo6pa6oTKM. Ro- 
cne repMMMecKOi^ oSpaOoricn rocJ)pvipoBaHMbix 
Tpy6 c M'arpeBOM TOKawn bwcokow MacxoTw 
TsepAocTb wix cHU)KaeTC« sHaMWTenbHo. a no- 
cne pasAaMM oHa Mewbiue, mom y MeiepMOoe- 
pa6oTaHwbix. 

B oTnwMwe OT neMHoro wnn ra30ooro na- 
rpeaa npn o6pa5oTKe 3droT08Kw loxaMn bwco- 
KO^ MacTOTW npowcxoAMT HeaMaMwTe/ibHoe 
M3MeHeMv<e <t>opMw ee npot^win. Ha nOBepXHO- 
CTMTpy6w oSpasyeicfl tohxhi^ enow oxanwHW, 
KOTOpbiM He oTcnaMBaetcfl b ripouecce ACi^op- 
M8UMM - pasAa^M. CMa30MHb»M enow HaHOcnT- 
CP Ha BrtyrpeHHiOjo noaepxHOCTb 
oTo^>KeMHWx npoAonbHO-ro<?)pv«poBaHHbix 
Tpy6 nocne uxoxnaiKAeHUB. Oh npeAOxpaH«eT 
BHyrpeHHioio noBepxMocTb qt KOpp03MOHHoro 
paspyujCHtrtj* B nponecce axciinyaiauwii vi chm- 
)KeHvin occobix ycwnviM b npouficce paaAaMw 
nnaCTbtpei^. 



n p M M c p An» peMOHTa o6caA"Oi?» ko- 
A^»MeTpoM 1 46 MM c Tonmv^HOM CTeMiiw 
8 MM nnacTbipb n3roTa8nMea»o7 m3 TOMxocTeM- 
MOM Tpy6bi iii^aMeTpOM 130 mm c toalumhoi^ 
5 CTBHKM 3 MM w3 CTann MapKH 10. flnwHa rpySw 

Ha QHyTpeHHK)K> noaepxHocTb rpybw na- 
HOC«T cnosA fpa(t>MTODOM u\f\\A APyroM CMaSKM. 
npeAHasHancHHOk^ A^fl CHuxeMWH ycwnnw roip- 
10 pwpoBaHMa. ro<j3piipo8aHi4e MunnHApWMecxo^^ 
TpyObi npoii3BOA^»T Ha cneuvianbHoii ycranOB- 
xe MCpea ponviK06y»o ro/JOBKy c BHyrpeHHeM 
npo<t>MAbHGi;^ onpaaxov^. nonyMaercn npOAonb- 
HO-ro<|)pvipOBaHMa« Tpy6a c napyxwwM A^a- 
15 MeipOM 1 1 6 MM v\ Muc/ioM ro^p 6 wnvt 8. SarcM 
npovi3BOAMTCP pwxTOBxa fOCt^pVipOBaHHOM Tpy- 
Ow noc/ie oTpe3KM ee na aaaaMHyio A^»^'»y- 

3aTeM npOM3eoA^i^CR repMUMecxafl o6pa- 
6oTKa npOAOAbHo-ro<t>pMpooaHHout rpy6w - 
20 HopMann3auM« c narpeBOM TOxaMt/i BwcoKOi^ 
MacTOTw Ha ycTanOBxe BMP 30/6. Hpvi stom 
npoAonbHO-rocppMpOBaHHafl rpyOa ycTanaB- 
nnsaeTcn ropvi30Hia/ibMO na poAWKOBbix ono- 
pax Vi c onpeAeneHHOt^ cKopocTbK) 
26 npoABv^^aeTc« sepea wHAyKtop. 

Oxna)KAeHMe Tpy6bi npoM3BOAvtTC« na 
Bo3Ayxe- CMaaxa. koropan Bw/ia naHecena ne- 
peA ro<t>pMpoBaHMeM. BwropaeT, 

Tax xax b cKoa>KMH8 npn ycTanoBKe nna- 
30 CTwpfl B i/tHiepaane peMOHia npowaeOAWTCP 
pasAaMa nnacrwpft AO xpytAOj^ <J)opMbi m npw- 
>K3twifl K CTenxe o6caAHOvi rpyGw, to npM 3tom 
B03HviKaK)T Oo/ibUJVie KOHTaxTHbie Harpy3Xii 
MBHCAy nnacTbipeM h wHcrpyMeHTOM a^« P^a- 
35 Aasn, /i/iB CHviXBHHfl 9TMX H3rpy3ox na anyr- 
peHHioO nosepxHOCTb nAacTwpn HaHocmcJ* 

BTOpMMHO CMaSOMHbtPl CAOPi, KOTOpWI?^ CAyXCWT 
KSK AHfl CHM>KeHV1fl yCMA^ftH, B03HMKa»OlUMX npw 

paSAa^e nA3CTbip«, xax m aah npeAOxpaneHwa 
40 3Toi?^ noaepxHOCTM ot Koppo3MOHHoro paspy- 
lueHuis* 8 npouecce SKcnnyaTam^n 

CoMeiaHne TepMviMecxoii o5pa6oTKM nna- 
cTWpeCi nocne ro4>pnpoBaHM« w Hanf^ceMwe 
cwaaoMHoro cnofl na BHyTpenHiOio noee^x- 
45 HOCTb nocne tepMUMeCKOiH o6pa6oTKM noaeo- 
AfltOT noBwcMTb nnacTirtMHOCib Meianna 
nnacTwp oSecneMnXb GnaroAapfl sioMy na- 
Ae)KH0CTt» repMeirw3auww peM0HTnpyeM0!?i 

' CKBa>Ki4HW. 

cl> opMyna viaoope reMvtR 



CnOC06 M3fOTOBneHMfl rO(^PMpOfi3HHO^O 

cranbHoro nnacTupn, npeMMyiuecToeHHO a/ij» 
55 peMQHTa o6ca>KeHHOi?i cxsa^Ki^Hbi. BKn»o^3>o- 
\xivi(h TepM0o6parj0TKy sarOToaxn. HaHCcetme 
CM330MHoro c;io?^ Ma BHyTpeHHK)io nOBepXMocrb 
aaroTOBKn M ee rocppvipOBanwe. o t n w h a lO m m ^t- 
c a TCM. *rro, c uenbH> noewujCHvis HaAe>KH0CTiA 
repMcrrHaauvm o6ai>KeHHOft ckb^ixuhw nyreM r.o 
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BbiujeHMii nndCTMHHocTi/i Mera/ina n/iacTwpfl. ocytMecxs/ifliOT noc/ie roc^pMpoosMUfl, a saiew 

repM00ep(f50TKy TOKdMM OUCOKOi) MaCTOrW nOBTOpMO HaMOCHT CMa30Mr.bll^ c/iom. 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-fi"equency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 



1749267 
2 



unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example, For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin- walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction fiimace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency cunents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 


Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
fi"equency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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